Introduction {#S0001}
============

Lung cancer is a type of tumor with the highest morbidity and mortality in the world in recent years, and it is a serious threat to human life and health.[@CIT0001] Lung cancer is an abbreviation of primary bronchogenic carcinoma, which can be divided into two types: small cell lung cancer, accounting for about 15%, and non-small cell lung cancer, accounting for about 85%. Non-small cell lung cancer is mainly divided into three types according to pathological types as follows: lung adenocarcinoma (LADC), lung squamous cell carcinoma and large cell carcinoma.[@CIT0002] Traditional chemotherapy has limited survival time for patients with advanced non-small cell lung cancer, and this is mainly due to postoperative recurrence and metastasis.[@CIT0002] However, targeted therapy provides a new solution for breaking this bottleneck.

Golgi phosphoprotein 3 (GOLPH3), alternatively known as GMx33 or GPP34, is a highly conserved Golgi protein in eukaryotes.[@CIT0003] GOLPH3 is a recently discovered oncogene located on human chromosome 5p13, where many solid tumor oncogenes are highly amplified.[@CIT0004] A study found that GOLPH3 played an important role in promoting the differentiation and proliferation of tumor cells.[@CIT0005] GOLPH3 activates serine/threonine protein kinase (AKT),[@CIT0006] promotes cancer cell proliferation and inhibits apoptosis.[@CIT0007] GOLPH3 was high expressed in patients with non-small cell lung cancer.[@CIT0008] Lung adenocarcinoma progression was accelerated by activating GOLPH3-dependent vesicular release.[@CIT0009] In this paper, LADC was studied to investigate the function of Golgi phosphoprotein 3 (GOLPH3) in LADC and non-small cell lung cancer.

Wnt signaling pathway plays a key role in the regulation of cell proliferation, differentiation, apoptosis and migration. It has been observed that abnormal expression and activation of WNT signaling pathway components induce tumorigenesis.[@CIT0010] In Wnt signaling pathway, Wnt/β-catenin pathway is typical, with β-catenin serving as its major member. Wnt/β-catenin pathway activates the transcriptional activity of its target gene through nuclear translocation of β-catenin.[@CIT0011] Previous studies have shown that abnormal activation of the Wnt/β-catenin signaling pathway played a role in cell carcinogenesis, tumorigenesis and tumor invasion.[@CIT0012] It has been reported that tumor gene GOLPH3 promoted tumor metastasis and proliferation via activating the Wnt/β- catenin signaling pathway.[@CIT0013]

The present study aims to study the role of GOLPH3 in LADC and investigate its association with clinical features for the purpose of providing insight for an early diagnosis of molecular-targeted therapy to LADC.

Patients and Methods {#S0002}
====================

Patient Tissues {#S0002-S2001}
---------------

Tumor specimens used in the experimental procedure were taken from the Second Hospital Affiliated to Air Force Medical University, and between August 2016 and August 2017 to obtain fresh specimens of LADC, which surgically removed from patients. 85 patients with LADC consist of 35 cases of stage I LADC, 20 cases of stage II LADC, 17 cases of stage III LADC, 13 cases of stage IV LADC and 25 cases of adjacent mucosa of patients with stage I LADC were applied as Normal control. Tumor specimens were placed in a liquid nitrogen tank and frozen immediately after being taken. All patients were going to receive an operation firstly and the original disease would be diagnosed. No radiotherapy or chemotherapy was performed before surgery. Relevant protocols for experimental study have been approved by the Ethics Committee of the Second Hospital Affiliated to Air Force Medical University (No.:TDLL-201607-09), and the written informed consent was obtained from all subjects.

Reagents {#S0002-S2002}
--------

GOLPH3-siRNA, GOLPH3-NC (negative control), GOLPH3 expression vector and GOLPH3-mock were all synthesized from GenePharma (Shanghai, China). Lipofectamine^®^ 3000 Transfection Reagent (Life Technologies, Gaithersburg, MD) was used to conduct transfection of oligonucleotide sequences and plasmids. MTT (3-\[4, 5-dimethylthiazol-2-yl\]-2, 5,-diphenyltetrazolium bromide) was purchased from USB (Cleveland, OH). XAV939 was purchased from Sigma-Aldrich (St. Louis, MO, USA).

Cell Lines and Culture {#S0002-S2003}
----------------------

Human LADC cell lines (A549, H23, H358, H1299, H1395, H1435, H1650 and PC-9), and Normal lung tissue cells (BEAS2B, 16HBE and HEK 293) were obtained from Shanghai Cell Biology Medical Research Institute, Chinese Academy of Sciences, and maintained as a monolayer at 37 °C with 5% CO~2~ in Dulbecco's modified Eagle's medium (DMEM) or in RPMI-1640 (Gibco, Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal bovine serum (Gibco, Thermo Fisher Scientific).

Survival Analysis {#S0002-S2004}
-----------------

Patients who were admitted to the First Affiliated Hospital of Zhejiang University between June 2011 and June 2016 were diagnosed with LADC. Extract basic information and data from the cases and related materials were obtained during a patient's hospitalization period. Survival analysis was performed according to the expression of GOLPH3 in LADC patients. Kaplan-Meier method was used for survival analysis, and Kaplan-Meier survival curve was drawn.

MTT {#S0002-S2005}
---

Cell viability was measured by MTT method. The experimental group and the negative control group to be tested were inoculated into a 96-well plate. The cells were cultured under normal conditions, and cell fusion rate was determined to be about 80%. Cell density was adjusted to 5×10^3^ cells/well and fresh medium containing MTT was added into the cells. After being incubated at 37 °C for 4 h, 150 μL of DMSO (Sigma) was added to each well and gently shaken for 10 min to fully dissolve the MTT. The absorbance of the sample at 570 nm was measured using an enzyme-linked immunosorbent assay.

Immunohistochemical Analysis of GOLPH3 {#S0002-S2006}
--------------------------------------

Biopsy specimens of normal lung cancer tissues and clinically staged LADC tissues were routinely fixed in 4% paraformaldehyde and then dehydrated to obtain paraffin sections and cut to 5 μm thick. Tissue sections were dewaxed with xylene and classified. The ethanol series were hydrated with distilled water. After antigen retrieval, normal rabbit serum (ZSGB-Bio, China) was added and blocked at room temperature for 20 min. The samples were then stained at room temperature for 1 h using 1:200 rabbit anti-GOLPH3. Goat anti-rabbit secondary antibody (ZSGB-Bio) was then added at 37 °C for 15 min. Signal was displayed by 3, 3-DAB, and hematoxylin was used for counterstaining. Finally, the sections were dehydrated by fractionation of ethanol series and xylene, and their morphologies were observed by light microscopy and pictures were captured.

Quantitative Real-Time (qRT)-PCR {#S0002-S2007}
--------------------------------

Cultured cells were collected to isolate RNA by using Trizol (Invitrogen) according to the manufacturer's protocol. One microgram of RNA was used for reverse transcription into cDNA according to reverse transcription cDNA kit (Thermo Fisher Scientific, Waltham, USA). The reaction conditions were set as follows: at 42 °C for 60 min, at 70 °C for 5 min, at 4 °C preservation. SYBR Green PCR Master Mix (Roche, Basle, Switzerland) was used to conduct qPCR experiment using opticon RT-PCR Detection System (ABI 7500, Life technology, USA). The PCR cycle was set as follows: pretreatment at 95 °C for 10 min; followed by 40 cycles at 94 °C for 15 sec, at 60 °C for 1 min, finally at 60 °C for 1 min and at 4 °C for preservation. The expression levels of above genes were analyzed by the 2−ΔΔCT.[@CIT0014] Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression was used for normalization. The primer sequences were listed in [Table 1](#T0001){ref-type="table"}.Table 1Primers for RT-qPCRGenesForward (5ʹ-3ʹ)Reverse (5ʹ-3ʹ)*GOLPH3*GGGCGACTCCAAGGAAACCAGCCACGTAATCCAGATGAT*VEGF*CAGCGACAAGGCAGACTATTGTTGGCACGATTTAAGAGGG*Bax*GTTGCCCTCTTCTACTTTGAGCCACCCTGGTCTTG*Bcl-2*CGGGAGAACAGGGTATGACAGGCTGGAAGGAGAAGAT*GAPDH*AGCCACATCGCTCAGACACCCGCCCAATACGACCAAATCC[^2]

Western Blot {#S0002-S2008}
------------

Total proteins were collected by RIPA (Cell Signaling Technology, Inc., Danvers, MA, USA). BCA Protein Assay Kit (Pierce) was used to measure the concentration of proteins, which was adjusted to a concentration of 6 μg/μL using 1 × loading and DEPC water. 10% SDS-PAGE gels were used to separate the samples, which were then transferred onto a piece of polyvinylidene fluoride membrane (PVDF, Millipore, and USA). After blocking in 5% non-fat milk in PBST (0.1% Tween 20 in phosphate-buffered saline (PBS)) for 1 h, the membrane was probed with the primary antibody overnight at 4 °C and then incubated with secondary antibody (horseradish peroxidase (HRP)-conjugated goat anti-mouse/rabbit IgG, 1:2000; sc-516102/sc-2357; Santa Cruz Biotechnology, Inc. Dallas, TX, USA) at room temperature for 2 h. Developer (EZ-ECL kit; Biological Industries BI) was used for development, and the gray value of the strips was analyzed and counted by imageJ (version 5.0; Bio-Rad, Hercules, CA, USA). Antibodies used were as follows: anti-GAPDH (mouse; 1:1000; LS-B1625; LifeSpan BioSciences, Inc.), anti-GOLPH3 (rabbit; 1:1000; ab91492; abcam), anti-E-cadherin (mouse; 1:1000; ab1416; abcam), anti- vascular endothelial growth factor (VEGF; rabbit; 1:1000; \#2463; CST), anti- B-cell lymphoma 2 (Bcl-2; rabbit; 1:1000; ab32124; abcam), anti-Bcl-2-associated X protein (Bax; rabbit; 1:1000; ab32503; abcam), anti-AKT (rabbit; 1:1000; ab8805; abcam), anti- phosphorylated (p)- AKT (rabbit; 1:1000; ab38449; abcam), anti- nuclear factor kappa B (p-65; rabbit; 1:1000; ab16502; abcam), and anti-p-p-65 (mouse; 1:1000; ab6503; abcam).

Apoptosis {#S0002-S2009}
---------

After the cells have been transfected for 48 h, 1 × 10^6^ cells were collected and 1 mL of trypsin (trypsin) without ethylenediaminetetraacetic acid (EDTA) was gently shaken and used to digest the cells. Trypsin was taken when the wall was wet. After being stored at room temperature for 1 min, digestion was terminated by adding DMEM (Corning) containing 10% fetal bovine serum. The cells were centrifuged at 1000 × g for 3 min and the supernatant was removed. The cells were washed twice with pre-cooled PBS and resuspended in 1× Annexin V binding buffer. According to the Annexin-V-FITC (fluoresceine isothiocyanate) cell apoptosis detection kit (K201-100, BioVision, Milpitas, CA, USA), the cells was stained with 1. 25 μL Annexin V-FITC and 10 μL of propidium iodide (PI) and measured by flow cytometry (version 10.0, FlowJo, FACS CaliburTM, BD, Franklin Lakes, NJ, USA).

In vitro Angiogenesis Experiment {#S0002-S2010}
--------------------------------

Matrigel plug angiogenesis assay (Corning, NY, USA) was used to determine in vivo angiogenic rate. Matrigel stock solution was thawed overnight at 4 °C. A gel solution was prepared using a Matrigel stock solution and serum-free DMEM, and the solution was placed in a 96-well plate and then allowed to be incubated for 2 h to cure. The cultured cells were collected and digested to prepare a single cell suspension under aseptic conditions, and the cell suspension was adjusted to a density of 1×10^5^/mL. The cells were seeded in 96-well plates at 100 μL per well. The plates were incubated for 6--8 h in an incubator (5% CO~2~, 37 °C) and the cells were visualized using an inverted microscope (Thermo Fisher Scientific) and then photographed.

Statistical Analysis {#S0002-S2011}
--------------------

The data were presented as Mean ± SD. GraphPad. Prism 5 was used to analyze the data. Comparison of data was analyzed by *t*-test. A P\<0.05 was considered as a statistically significant.

Results {#S0003}
=======

GOLPH3 Was Highly Expressed in LADC Cell Lines and Tissues, and Correlated with Poor Overall Survival in Patients with LADC {#S0003-S2001}
---------------------------------------------------------------------------------------------------------------------------

GOLPH3 expression in LADC cell lines and cancer tissues was examined using qPCR and Western blot analysis. GOLPH3 was obviously increased in all LADC cell lines including A549, H23, H358, H1299, H1395, H1435, H1650 and PC-9 ([Figure 1A](#F0001){ref-type="fig"}) at mRNA level. In addition, we performed immunohistochemical analysis on 85 tumor tissues and 25 normal lung tissues. The color of GLOPH3 was brighter and the positive area was larger in cancer tissues than those in normal tissues ([Figure 1B](#F0001){ref-type="fig"}). Consistent with the immunohistochemical analysis, GOLPH3 was highly expressed in tumor tissues in a clinical stages-dependent manner of lung cancer at mRNA level ([Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}). A survival analysis showed that an inverse correlation existed between a GOLPH3 level and an overall survival time of patients with LADC, that is, the median overall survival time of patients with GOLPH3 (high levels) was significantly lower than patients with GOLPH3 (low levels) (P=0.016, [Figure 1E](#F0001){ref-type="fig"}). A549 and H23 were used in later experiments.Figure 1Golgi phosphoprotein 3 (GOLPH3) was highly expressed in lung adenocarcinoma cell lines and tissues, and correlated with poor overall survival in patients with lung adenocarcinoma.**Notes:** (**A**) The protein expression of the Golgi phosphoprotein 3 in the lung adenocarcinoma cell lines and normal lung tissue cells was detected by real time quantitative polymerase chain reaction. (**B**) Representative images from immunohistochemistry analysis of lung adenocarcinoma tissues for the protein expression of Golgi phosphoprotein 3. (Magnification ×100 (upper) and ×200 (lower)). (**C**) Real time quantitative polymerase chain reaction was used to determine the level of Golgi phosphoprotein 3 in the lung adenocarcinoma tissues. (**D**) Expression level of tumor samples from patients with lung adenocarcinoma at different clinical stages was identified by real time quantitative polymerase chain reaction. (**E**) High expression of Golgi phosphoprotein 3 was significantly correlated with poor overall survival in patients with lung adenocarcinoma. p\<0.001 vs. Normal.**Abbreviation:** GOLPH3, Golgi phosphoprotein 3.

Cisplatin Inhibited the Cell Viability and the Level of GOLPH3 Was Decreased {#S0003-S2002}
----------------------------------------------------------------------------

We further explored the role of GOLPH3 in drug sensitivity. The viability of cell was examined by MTT and the expression level of GOLPH3 was detected by qPCR and Western blot. We found that the cell viability was inhibited by cisplatin with the increase of dose ([Figure 2A](#F0002){ref-type="fig"}) and the expression of GOLPH3 was decreased with increased concentration of cisplatin (10, 30 or 50 µg/mL) treatment at mRNA ([Figure 2B](#F0002){ref-type="fig"}) and protein levels ([Figure 2C](#F0002){ref-type="fig"}) in A549 cell. Similar results were discovered in H23 cell ([Figure 2D](#F0002){ref-type="fig"}--[F](#F0002){ref-type="fig"}). The increase of GOLPH3 levels caused by low concentrations of cisplatin (1 or 5 µg/mL) might be related to the stress response of cells.Figure 2Cisplatin inhibited the cell viability and the level of Golgi phosphoprotein 3 was decreased.**Notes:** (**A**) Cell viability, (**B**) expression level of Golgi phosphoprotein 3, (**C**) protein level of Golgi phosphoprotein 3 in A549 cells were tested by MTT, real time quantitative polymerase chain reaction, and Western blot respectively. (**D**) Cell viability, (**E**) expression level of Golgi phosphoprotein 3, (**F**) protein level of Golgi phosphoprotein 3 in H23 cells were tested by MTT, real time quantitative polymerase chain reaction, and Western blot respectively. \*P\<0.05 vs. 0 µg/mL Cisplatin, \*\*P\<0.01 vs. 0 µg/mL Cisplatin.**Abbreviations:** GOLPH3, Golgi phosphoprotein 3; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; OD, optical density; MTT, methyl thiazolyl tetrazolium.

Inhibition of Cells by Cisplatin Was Enhanced and the Level of p-Akt Was Suppressed by Silencing GOLPH3 in A549 Cell, While Overexpression of GOLPH3 Had Contrast Effects {#S0003-S2003}
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

To elucidate the functional importance of GOLPH3, A549 cells were transfected with corresponding plasmids to stably knockdown or overexpression of GOLPH3. We found that GOLPH3 was successful knocked out ([Figure 3A](#F0003){ref-type="fig"}) and the A549 cell viability was inhibited by siGOLPH3 ([Figure 3B](#F0003){ref-type="fig"}). Meanwhile, inhibition of A549 cell by cisplatin was enhanced by siGOLPH3 ([Figure 3C](#F0003){ref-type="fig"}). We also discovered that the expression of GOLPH3 was lower in siGOLPH3+Cis group than that in Cis group at mRNA ([Figure 3D](#F0003){ref-type="fig"}) and protein levels ([Figure 3E](#F0003){ref-type="fig"}). However, overexpression of GOLPH3 had opposite effects. The GOLPH3 was successfully overexpressed ([Figure 3F](#F0003){ref-type="fig"}) and inhibition of A549 cell by cisplatin was weakened by overexpression of GOLPH3 ([Figure 3G](#F0003){ref-type="fig"}). The expression of GOLPH3 was higher in GOLPH3+Cis group than that in Cis group at mRNA ([Figure 3H](#F0003){ref-type="fig"}) and protein levels ([Figure 3I](#F0003){ref-type="fig"}). We also found that p-Akt expression was suppressed by siGOLPH3, while overexpression of GOLPH3 upregulated the expression of p-Akt ([Figure 3J](#F0003){ref-type="fig"} and [K](#F0003){ref-type="fig"}).Figure 3Inhibition of cells by cisplatin was enhanced and the level of p- protein kinase B was suppressed by silencing Golgi phosphoprotein 3 in A549 cell, while overexpression of Golgi phosphoprotein 3 had opposite effects.**Notes:** (**A**) The transfection efficiency of Golgi phosphoprotein 3, and (**B, C**) cell viability. (**D**) The mRNA expression level and (**E**) protein level of Golgi phosphoprotein 3 after GOLPH3 silencing was determined. (**F**) The transfection efficiency of Golgi phosphoprotein 3, and (**G**) cell viability. (**H**) The mRNA expression level and (**I**) protein level of Golgi phosphoprotein 3 after GOLPH3 silencing was determined. (**J**--**K**) The protein levels of p-protein kinase B, protein kinase B, p-p65 and p65 were determined by Western blot. \*\*P\<0.01 vs. Control, ^\#^P\<0.05, ^\#\#^P\<0.01 vs. NC, ^&&^P\<0.01 vs. NC+Cis, ^\^^P\<0.05, ^\^\^^P\<0.01 vs. Mock, ^@@^P\<0.01 vs. Mock+Cis.**Abbreviations:** GOLPH3, Golgi phosphoprotein 3; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; OD, optical density; MTT, methyl thiazolyl tetrazolium; NC, negative control; si, silencing; Cis, cisplatin; AKT, serine/threonine protein kinase; pAKT, phosphorylated AKT; P65, nuclear factor kappa B p65; p-P65, phosphorylated P65.

Inhibition of Cells by Cisplatin Was Enhanced and the Level of p-Akt Was Downregulated by Silencing GOLPH3 in H23 Cell, While Overexpression of GOLPH3 Led to the Opposite Results {#S0003-S2004}
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

We verified the role of GOLPH3 in H23 cells. Corresponding plasmids were used for knockout or overexpression of GOLPH3, and we found that GOLPH3 was successfully knocked out ([Figure 4A](#F0004){ref-type="fig"}) and H23 cell viability was inhibited by siGOLPH3 ([Figure 4B](#F0004){ref-type="fig"}). Meanwhile, downregulation of GOLPH3 increased the sensitivity of H23 cells to cisplatin, compared with the NC-Cis group ([Figure 4C](#F0004){ref-type="fig"}). We also discovered that the expression of GOLPH3 was lower in siGOLPH3+Cis group than that in Cis group at mRNA ([Figure 4D](#F0004){ref-type="fig"}) and protein levels ([Figure 4E](#F0004){ref-type="fig"}). However, overexpression of GOLPH3 had opposite effects. The GOLPH3 was successfully overexpressed ([Figure 4F](#F0004){ref-type="fig"}) and inhibition of H23 cell by cisplatin was weakened by overexpression of GOLPH3 ([Figure 4G](#F0004){ref-type="fig"}). The expression of GOLPH3 was higher in GOLPH3+Cis group than that in Cis group at mRNA ([Figure 4H](#F0004){ref-type="fig"}) and protein levels ([Figure 4I](#F0004){ref-type="fig"}). We also found that p-Akt expression was suppressed by siGOLPH3, while overexpression of GOLPH3 upregulated the expression of p-Akt ([Figure 4J](#F0004){ref-type="fig"} and [K](#F0004){ref-type="fig"}).Figure 4Inhibition of cells by cisplatin was enhanced and the level of p-protein kinase B was downregulated by silencing Golgi phosphoprotein 3 in H23 cell, while overexpression of Golgi phosphoprotein 3 had opposite effects.**Notes:** (**A**) The transfection efficiency of Golgi phosphoprotein 3, and (**B, C**) cell viability. (**D**) The mRNA expression level and (**E**) the protein level of Golgi phosphoprotein 3 after GOLPH3 silencing was determined. (**F**) The transfection efficiency of Golgi phosphoprotein 3 and (**G**) cell viability. (**H**) The mRNA expression level and (**I**) protein level of Golgi phosphoprotein 3 after GOLPH3 silencing was determined. (**J**--**K**) The protein levels of p-protein kinase B, protein kinase B, p-p65 and p65 were determined by Western blot. \*\*P\<0.01 vs. Control, ^\#^P\<0.05, ^\#\#^P\<0.01 vs. NC, ^&&^P\<0.01 vs. NC+Cis, ^\^^P\<0.05, ^\^\^^P\<0.01 vs. Mock, ^@@^P\<0.01 vs. Mock+Cis. **Abbreviations:** GOLPH3, Golgi phosphoprotein 3; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; OD, optical density; MTT, methyl thiazolyl tetrazolium; NC, negative control; si, silencing; Cis, cisplatin; AKT, serine/threonine protein kinase; pAKT, phosphorylated AKT; P65, nuclear factor kappa B p65; p-P65, phosphorylated P65.

Effect of XAV939 on GOLPH3 and β-Catenin Protein Expressions in A549 and H23 Cells {#S0003-S2005}
----------------------------------------------------------------------------------

To further identify the potential mechanism underlying the regulation of tumor cell cisplatin chemosensitivity by GOLPH3, XAV939, a small molecule inhibitor of the dysregulated Wnt signaling pathway, was used to treat A549 and H23 cells, and Western blot analysis was performed. The results showed that XAV939 changed little of the levels of GOLPH3, compared with GOLPH3 and Cis group in A549 and H23 cells. The protein level of β-catenin was obviously declined by XAV939 compared with GOLPH3 and Cis group ([Figure 5](#F0005){ref-type="fig"}).Figure 5Effect of XAV939 on the protein levels of Golgi phosphoprotein 3 and β-catenin in A549 and H23 cells.**Notes:** Western blot was performed to detect the expressions of Golgi phosphoprotein 3 and β-catenin in A549 (**A, B**) and H23 (**C, D**) cells. ^\^\^^P\<0.01 vs. Mock, ^a^P\<0.05 vs. GOLPH3, ^bb^P\<0.01 vs. Cis, ^cc^P\<0.01 vs. XAV939+Cis.**Abbreviations:** GOLPH3, Golgi phosphoprotein 3; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Cis, cisplatin.

XAV939 Decreased GOLPH3 Overexpression-Induced Proliferation and Promoted Cisplatin-Induced Growth Inhibition and Apoptosis in A549 Cells {#S0003-S2006}
-----------------------------------------------------------------------------------------------------------------------------------------

The underlying mechanisms of GOLPH3 effect on chemosensitivity were further studied. A549 cells were treated with XAV939 and/or cisplatin, and MTT. Flow cytometry and in vitro angiogenesis experiment were used to respectively detect cell viability, apoptosis and angiogenesis rates. The results indicated that XAV939 decreased GOLPH3 overexpression-induced cell viability ([Figure 6A](#F0006){ref-type="fig"}), increased GOLPH3 overexpression-induced apoptosis ([Figure 6B](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}) and inhibited GOLPH3 overexpression-induced angiogenesis rates ([Figure 6C](#F0006){ref-type="fig"} and [E](#F0006){ref-type="fig"}). Meanwhile, we found that VEGF and Bcl-2 were lower and Bax was higher in XAV939 + GOLPH3 group than those in GOLPH3 group at mRNA ([Figure 6F](#F0006){ref-type="fig"}--[H](#F0006){ref-type="fig"}) and protein levels ([Figure 6I](#F0006){ref-type="fig"} and [J](#F0006){ref-type="fig"}). Our results also showed that XAV939 decreased cell viability ([Figure 6A](#F0006){ref-type="fig"}), enhanced apoptosis ([Figure 6B](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}) and suppressed angiogenesis rates ([Figure 6C](#F0006){ref-type="fig"} and [E](#F0006){ref-type="fig"}) induced by cisplatin. Meanwhile, we found that VEGF and Bcl-2 expressions were lower and Bax expression was higher in XAV939 + Cis group than those in Cis group at mRNA ([Figure 6F](#F0006){ref-type="fig"}--[H](#F0006){ref-type="fig"}) and protein levels ([Figure 6I](#F0006){ref-type="fig"} and [J](#F0006){ref-type="fig"}).Figure 6XAV939 decreased Golgi phosphoprotein 3 overexpression-induced proliferation and promoted cisplatin-induced growth inhibition and apoptosis in A549 cells.**Notes:** (**A**) The viability of cells was tested by MTT. (**B**) Apoptosis was detected by flow cytometry. (**C**) In vitro angiogenesis experiment was used to evaluate angiogenesis rates. (**D**) Images of apoptosis were captured. (**E**) Images of angiogenesis were taken (magnification x100). The mRNA level of vascular endothelial growth factor (**F**), Bcl-2-associated X protein (**G**) and B cell lymphoma/leukemia-2 (**H**) were tested by real time quantitative polymerase chain reaction. (**I, J**) The protein levels of vascular endothelial growth factor, Bcl-2-associated X protein and B cell lymphoma/leukemia-2 were determined by Western blot. \^\^P\<0.01 vs. Mock, ^a^P\<0.05, ^aa^P\<0.01 vs. GOLPH3, ^b^P\<0.05, ^bb^P\<0.01 vs. Cis, ^cc^P\<0.01 vs. XAV939+Cis. **Abbreviations:** GOLPH3, Golgi phosphoprotein 3; OD, optical density; MTT, methyl thiazolyl tetrazolium; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Cis, cisplatin; VEGF, vascular endothelial growth factor; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein; Annexin-V-FITC, fluoresceine isothiocyanate; PI, propidium iodide.

XAV939 Decreased GOLPH3 Overexpression-Induced Proliferation and Promoted Cisplatin-Induced Growth Inhibition and Apoptosis in H23 Cells {#S0003-S2007}
----------------------------------------------------------------------------------------------------------------------------------------

In order to further determine the involvement of Wnt/β-catenin in the effect of GOLPH3 on chemosensitivity, H23 cells were treated with XAV939 and/or cisplatin, and MTT assay, flow cytometry and in vitro angiogenesis experiment were used to detect cell viability, apoptosis and angiogenesis rates, respectively. The results indicated that XAV939 reversed the effects of GOLPH3 overexpression on increasing cell viability ([Figure 7A](#F0007){ref-type="fig"}), suppressing apoptosis ([Figure 7B](#F0007){ref-type="fig"} and [D](#F0007){ref-type="fig"}) and reducing angiogenesis rates ([Figure 7C](#F0007){ref-type="fig"} and [E](#F0007){ref-type="fig"}). Meanwhile, we found that VEGF and Bcl-2 expressions were lower and Bax expression was higher in XAV939 + GOLPH3 group than those in GOLPH3 group at mRNA ([Figure 7F](#F0007){ref-type="fig"}--[H](#F0007){ref-type="fig"}) and protein levels ([Figure 7I](#F0007){ref-type="fig"} and [J](#F0007){ref-type="fig"}). Our results also showed that XAV939 decreased cell viability ([Figure 7A](#F0007){ref-type="fig"}), promoted apoptosis ([Figure 7B](#F0007){ref-type="fig"} and [D](#F0007){ref-type="fig"}) and suppressed angiogenesis rates ([Figure 7C](#F0007){ref-type="fig"} and [E](#F0007){ref-type="fig"}) induced by cisplatin. Meanwhile, we found that VEGF and Bcl-2 expressions were lower and Bax expression was higher in XAV939 + Cis group than those in Cis group at mRNA ([Figure 7F](#F0007){ref-type="fig"}--[H](#F0007){ref-type="fig"}) and protein levels ([Figure 7I](#F0007){ref-type="fig"} and [J](#F0007){ref-type="fig"}).Figure 7XAV939 decreased Golgi phosphoprotein 3 overexpression-induced proliferation and promoted cisplatin-induced growth inhibition and apoptosis in H23 cells.**Notes:** (**A**) The viability of cells was tested by MTT. (**B**) Apoptosis was detected by flow cytometry. (**C**) In vitro angiogenesis experiment was used to evaluate angiogenesis rates. (**D**) Images of apoptosis were captured. (**E**) Images of angiogenesis were taken (magnification x100). The mRNA levels of vascular endothelial growth factor (**F**), Bcl-2-associated X protein (**G**) and B cell lymphoma/leukemia-2 (**H**) were tested by real time quantitative polymerase chain reaction. (**I, J**) The protein levels of vascular endothelial growth factor, Bcl-2-associated X protein and B cell lymphoma/leukemia-2 were determined by Western blot. \^\^P\<0.01 vs. Mock, ^a^P\<0.05, ^aa^P\<0.01 vs. GOLPH3, ^b^P\<0.05, ^bb^P\<0.01 vs. Cis, ^cc^P\<0.01 vs. XAV939+Cis. **Abbreviations:** GOLPH3, Golgi phosphoprotein 3; OD, optical Density; MTT, methyl thiazolyl tetrazolium; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Cis, cisplatin; VEGF, vascular endothelial growth factor; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein; Annexin-V-FITC, fluoresceine isothiocyanate; PI, propidium iodide.

The Mechanism Schematic Figure of GOLPH3 on Lung Adenocarcinoma {#S0003-S2008}
---------------------------------------------------------------

The mechanism schematic figure of GOLPH3 on lung adenocarcinoma in this study was shown in [Figure 8](#F0008){ref-type="fig"}.Figure 8The mechanism schematic figure of GOLPH3 on lung adenocarcinoma was shown.**Abbreviations:** GOLPH3, Golgi phosphoprotein 3; VEGF, vascular endothelial growth factor; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein; si, silencing; AKT, serine/threonine protein kinase.

Discussion {#S0004}
==========

Lung cancer is a malignant tumor that seriously threatens human life and health, and it has become a leading cause of cancer death to humans.[@CIT0015] Non-small cell lung cancer accounts for about 80% of lung cancer, and the 5-year survival rate is only about 30% due to postoperative recurrence and metastasis.[@CIT0002] The occurrence and infiltration of lung cancer is a complex process and is regulated by a variety of related genes. Researchers found that GOLPH3 played an important role in promoting the differentiation and proliferation of tumor cells.[@CIT0005] In this study, immunohistochemistry was used to detect the expression of GOLPH3 protein in human lung cancer tissues and normal tissues, and correlations among GOLPH3 expression, clinical pathological features and prognosis of LADC were explored. Our study provided a basis for clinical diagnosis, treatment and prognosis of patients with LADC.

Increasing evidence finds that GOLPH3 is highly expressed in non-small cell lung cancer tissues and cell lines,[@CIT0016] and that high expression of GOLPH3 protein is significantly associated with overall survival in patients with LADC.[@CIT0017] Consistent with previous studies, we found that GOLPH3 was highly expressed in LADC tissues and cell lines, and was positively correlated with lung cancer staging and negatively correlated with overall survival. These data suggested that GOLPH3 was involved in the development of LADC, and that targeting GOLPH3 may treat LADC. Therefore, we further studied the role of GOLPH3 in drug sensitivity.

Cisplatin is a platinum-containing chemotherapeutic drug with a wide range of clinical applications, and it plays an important role in cancer chemotherapy.[@CIT0018] Previous studies have shown that cisplatin could show efficacy in a variety of solid tumors, for example, ovarian cancer,[@CIT0019] prostate cancer, testicular cancer[@CIT0020] and lung cancer.[@CIT0021] In our study, cisplatin was found to reduce the activities of LADC, A549 and H23 cells, and the expression of GOLPH3 was also significantly reduced. To further investigate the role of GOLPH3 in anti-cancer effect of cisplatin, knocking out or overexpressing the GOLPH3 plasmid into A549 and H23 cells showed that silencing GOLPH3 could further inhibit cell viability, compared to cisplatin-treated cancer cells, and that the phosphorylation level of Akt protein was significantly reduced. However, overexpression of GOLPH3 had the opposite effect. These data suggested that GOLPH3 may be involved in the development of LADC by activating cisplatin resistance in LADC.

The Wnt/β-catenin signaling pathway is a complex and conserved signal transduction pathway that plays an important role in embryonic development, regulation of cell growth and differentiation, and tumorigenesis, development and metastasis.[@CIT0022] XAV939 is a small molecule inhibitor of dysregulated Wnt signaling pathway.[@CIT0023] Researchers found that XAV939 could inhibit the growth of non-small cell lung cancer cells by blocking the Wnt signaling pathway.[@CIT0023] Another study also discovered that XAV939 inhibited the proliferation and migration of A549 cells via WNT pathway.[@CIT0021] Western blot data demonstrated that β-catenin expression in XAV939 treatment groups (2μM) was decreased remarkably, compared with the GOLPH3 or Cis group. Meanwhile, XAV939 inhibited cell viability, angiogenesis rate and promoted apoptosis, which were all induced by overexpression of GOLPH3 or cisplatin, evidenced by the downregulated VEGF, Bcl-2 and upregulated Bax at mRNA and protein levels in A549 and H23 cells. Therefore, it was concluded that GOLPH3 activated cisplatin resistance in LADC may correlate to Wnt/β-catenin signaling pathway.

During this study, it might be difficult to clarify the effect of different levels of GOLPH3 on the effect of cisplatin because of sample size, which might be a limitation.

Conclusion {#S0005}
==========

In summary, the present study reveals that GOLPH3 participates in the progression of LADC by activating cisplatin resistance in LADC and Wnt/β-catenin signaling pathway. The present study provides experimental evidence for the basis of novel therapeutic strategies for clinical treatment of LADC. Future studies are required to further elucidate this mechanism and its role in suppressing LADC progression in vivo.
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